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Applications by reference in their entirety: 
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LSI 01-489 EV 013 245>r04 US October 30, 2001 

FIELD OF THE INVENTION 
[0002] The present invention generally relates to the field of integrated circuit design. 

Q and particularly to a system and method for optimizing an integrated circuit design. 
fU, ■        ■ . 

1^ BACKGROUND OF THE INVENTION 
Co [0003] Integrated circuits (IC) have become one of the most necessary components in 

modem devices. From automobiles and cell phones, to kitchen appliances and video 
P gaming devices, integrated circuits provide a variety of functions. To provide this variety 
w ■ ■ ■ p. in an optimized manner, application specific integrated circuits (ASIC) may be utilized. 
13' " ■ 
14. 

[0004] An application specific integrated circuit is generally designed for a specific 
application rather than as a general-purpose chip. The use of application specific 
integrated circuits improve performance over general-purpose chips, because application 
specific integrated circuits are "hardwired" to do a specific job, and may thus, not incur 
the overhead of fetching and interpreting stored instructions. Thus, an application 
specific integrated circuit may perform an electronic operation in an optimized maimer 
providing that the circuit design is efficiently architected. 

[0005] However, producing such a wide range of application specific integrated circuits, 
each having targeted fimctionality, may be complex, expensive and time consuming. For 
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example, the very size of the circuit, which may include a variety of clock domains, may 
require extensive testing, verification and redesign before an operational model is 
produced. 

[0006] Therefore, it would be desirable to provide a system and method for optimizing an 
integrated circuit design. 

SUMMARY OF THE INVENTION 
[00071 Accordingly, the present invention is directed to an interconnect. The present 
invention provides a comprehensive design environment defining a system architecture 
and methodology that may integrate interconnects, cores, ePLC, re-configurable 
processors and software into a manageable and predictable system designs that achieve 
on-time system IC design results meeting desired specifications and budgets. For 
example, the present invention may provide a scalable, temporal interconnect-fabric with 
standardized core interfaces, and implement a methodology to integrate configurable 
processors, and solution software to design an integrated circuit. 

[0008] In a first aspect of the present invention, a method for designing an integrated 
circuit includes receiving data specifying a plurality of interconnects and components of a 
design of an integrated circuit and optimizing the design of the integrated circuit. Data 
specifying the plurality of interconnects and devices of the integrated circuit is optimized 
based on at least one of bandwidth, scalability, latency, position of devices and 
interconnect configuration. 

[0009] In a second aspect of the present invention, a self-programmable integrated circuit 
includes a processor suitable for performing a program of instructions, the processor 
accessible via an interconnect. At least two components of the integrated circuit are 
included, the components communicatively connected via an interconnect. A memory is 
included suitable storing a program of instructions.   The program of instructions 
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configures the processor to optimize the integrated circuit based on heuristic data 
indicating past utilization of components of the integrated circuit. 

[0010] In a third aspect of the present invention, an integrated circuit design system 
includes an electronic data storage device including a database having data describing 
integrated circuit component characteristics, firm macros, soft macros and an agent 
implemented by a processor. The agent is suitable for providing a design environment on 
an information handling system in which the design environment enables a user to design 
an integrated circuit to arrive at integrated circuit design data, the agent suitable for 
optimizing the integrated circuit design data utilizing the database having data describing 
integrated circuit component characteristics, firm macros and soft macros. 

(0011] It is to be understood that both the forgoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the 
invention as claimed. The accompanying drawings, which are incorporated in and 
constitute a part of the specification, illustrate an embodiment of the invention and 
together with the general description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] The numerous advantages of the present invention may be better understood by 
those skilled in the art by reference to the accompanying figures in which: 

[0013] FIG. 1A is an illustration of an embodiment of the present invention in which an 
interconnect is provided for I/O within an ASIC; 

[0014] FIG. IB is a block diagram of an embodiment of the present invention wherein a 
fabric intercormect is shown; 
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[0015] FIG. IC is a block diagram of an embodiment of the present invention wherein a 
distributed multi-dimensional MESH architecture is shown; 

[0016] FIG. 2 is an illustration of an embodiment of the present invention wherein a 
single application specific integrated circuit (ASIC) with configured bandwidth between 
components is shown; 

[0017] FIG. 3 is an illustration of an aspect of the present invention in which an interface 
is provided suitable for designing an application specific integrated circuit; 

[0018] FIG. 4 is an illustration of the embodiment of the present invention depicted in 
FIG. 3 wherein connectivity is indicated between components by a user; j, 

[0019] FIG. 5 is an illustration of the embodiment of the present invention depicted in 
FIG. 4 wherein interconnect performance and other functionality is described; - . 

[0020] FIG. 6 is an illustration of an embodiment of the present invention wherein^ by 
utilizing a direct connectivity definition, software arranges and optimizes interconnects to 
provide an optimized ASIC; 

[0021]' FIG. 7 is a depiction of an embodiment of the present invention wherein an agent 
may determine that switched modularity may be beneficially employed and implements 
such modularity in an ASIC; 

[0022] FIG. 8 is an illustration of an embodiment of the present invention in which 
logical partitioning is provided as determined by an agent; 

[0023] FIG. 9 is an illustration of an embodiment of the present invention wherein an 
agent provides physical portioning of an ASIC of the present invention; 
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10024] FIG. 10 is a flow diagram depicting an exemplary method of the present invention 
wherein a design process suitable for providing an ASIC and for programming a self- 
programmable device is shown; and 

[0025] FIG. 11 is an illustration of an exemplary embodiment of the present invention 
wherein a system approach for designing an ASIC is shown. 

DETAILED DESCRIPTION OF THE INVENTION 
[0026] Reference will now be made in detail to the presently preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. 

[0027] Referring generally now to FIGS. 1A through 11, exemplary embodiments of the 
present invention are shown. An application specific integrated circuit (ASIC) is 
generally designed for a specific application rather than as a general-purpose chip. The 
use of application specific integrated circuits improve performance over general-purpose 
chips, because application specific integrated circuits are "hardwired" to do a specific 
job, and may thus not incur the overhead of fetching and interpreting stored instructions. 
However, the design of application specific integrated circuits may encounter further 
complications over general circuit design. 

[0028] There are many varieties of ASIC manufacturing, such as custom built circuits 
from scratch, which is time consuming and complicated, to using gate arrays, standard 
cells, programmable logic devices (PLD), customer specific integrated circuits (CSIC), 
application specified standard products (ASSP), and the like. However, as the number off 
gates increase, such as gate counts over 50 million, the laclc of a comprehensive 
connectivity that embraces the disparate IP, numerous clock domains, exponential growth 
of on-chip bandwidth, problems of functional verification as the complexity and number 
of ftmctional elements grow, and the like, make such a design process exceedingly 
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difficult. Further, current design procedures are implemented without a re-use 
methodology, thereby limiting current implementations from improving future design 
implementations. 

[0029] Additionally, the variety of implementations encountered may each, in and of 
itself, encounter different problems. For instance, in home networks, diverse cores and 
software may be required; in general networking, data switching and routing must be 
dealt with; in set-top boxes, streaming data, software and cores to provide the streaming 
data are needed; whereas in communications, data streams, power and programmability 
are issues which need to be addressed. Moreover, in data storage, performance, 
throughput and persistent of storage are concems, and in appliances, real-time operating 
systems, power, and time to market are concems. Therefore, a manufacturer must 
address time-to-market, IP, software, performance, power, cost, and the like in the 
production of an application specific integrated circuit. 

[0030] Further, the utilization of temporal data brings about new challenges.; For 
example, MPEG, AVI, MP3, QuickTime, voice data, cell phones, voice-over-Internet 
protocols, and the like must be provided with sufficient data in a usable order in order to 
provide the content to a user. For instance, business and fmancial "tickers," auctions, and 
the like require timely delivery of data. Moreover, storage area networks (SAN) and 
NAS require reliable data transfer to ensure data integrity. Since the data is temporal, 
every shared data type has a "time value," and quality of service (QoS) is vital to ensure 
the time value. 

[0031] Therefore, the present invention provide a comprehensive design environment 
defining a system architecture and methodology that may integrate interconnects, cores, 
ePLC, re-configurable processors and software into a manageable and predictable system 
designs that achieve on-time system IC design results meeting desired specifications and 
budgets.   For example, the present invention may provide a scalable, temporal 
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interconnect-fabric with standardized core interfaces, and implement a methodology to 
integrate configurable processors, and solution software to design an integrated circuit. 

[0032] Referring now to FIG. lA, an embodiment of the present invention is shown 
wherein an interconnect is provided for I/O within an ASIC. A plurality of devices, such 
as Al 102, A2 104, Bl 106 and B2 108 are included within a single ASIC 100. A first 
interface device 110 and a second interface device 112 are provided to enable 
communications between the devices 102, 104, 106 & 108. The first interface device 
110 and the second interface device 112 interface through a type of virtual connection 
configured as a "cloud" and/or "network" of interscalable, isochronous interconnect glue 
logic 114 within the ASIC 100. 

[0033] Preferable, the first interface device 110 and the second interface device 112'are 
invisible to the devices 102,104,106 & 108 to provide a virtual connection implemented 
as a serial differential signalmg serial protocol, but which may be configured to miitnic . 
functionality of traditional I/O interfaces and/or protocols, at a variety of layers of a 
reference model, such as a TCP/IP reference model and the like. The present invention 
may be implemented as a circuit, such as a programmable logic device (PLD) which may 
be programmed by a customer at the customer's site, FPGA, simple programmable logic ., 
device (SPLD) which includes an array of programmable logic blocks, complex 
programmable logic device (CPLD) which may include a programmable logic device that 
includes a programmable interconnect between the logic blocks, and the like as 
contemplated by a person of ordinary skill in the art without departing fi-om the spirit and 
scope of the present invention. 

[0034] Referring now to FIG. IB, an embodiment 150 of the present invention is shown 
wherein a fabric interconnect is operable to embody the present invention. An interface 
device 152, such as a channel adapter, may provide connectivity from a core 154 to a 
fabric interconnect of an ASIC designed in accordance with the present invention. 



LSI 01-490 

[0035] A fabric interconnect may utilize messages, which in this instance are defined as a 
logical unit of work, to execute transactions. For example, message semantics may 
support memory operations such as remote direct memory access (RDMA) reads, writes,' ^ 
and channel operations such as send, receive, and the like. 

[0036] Messages may be further segmented into packets. Data packets are an end-to-end 
fabric unit of transfer, e.g. packets are the routable unit of transfer. Hardware of the 
present invention may provide automatic message segmentation and re-assembly via 
packets. Packets include headers to identify the packet.destination,and the desired.data. 
For example, packets may include a local route header (LRH), global route header 
(GRH), base transport header (BTH), extended transport header (ExTH), intermediate 
data, a message payload, an invariant CRC, a variant CRC, and the like. 

[0037] An interface device may be provided as a bridging section from a block interface 
to system intercomiects. Interface devices may include elasticity buffers, support 
isochronous timing capabilities, interrupt message, memory DMA and unified memory 
addressing,andthelikeascontemplatedbyapersonofordinaryskillintheart.    ' .' 

[0038] For example, an interface device may be configured as a host chamiel adapter 
(HCA) 156. A host chamiel adapter 156 is generally a host concept configured for 
computing platforms. For example, a HCA may be configured for high-end devices, such 
as nodes, memory array controllers, and the like. Functions of a HCA may include 
implementation of a link protocol in hardware, implement sofbvare verbs, as a RDMA 
engine, work queue engine, memory registration and protection, and the like as 
contemplated by a person of ordinary skill in the art. Thus, the HCA 156 may act to 
implement high-end devices in the architecture of the present invention. However, there 
may be implementations where tiie fiill level of fimctionality of an HCA is not desired, 
such as specialized subsystems. 
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[0039] An interface device may also be configured as a target channel adapter (TCA) 158 
for specialized subsystems. TCA 158 may be configured as simpler than HCA 156, so 
that it implements what is required to minimally support fabric architecture and device- 
specific fimctionality. For example, a TCA may be configured as a worlc queue engine, a 
linlc protocol engine, implement transport, and the lilce. It should be apparent to a person 
of ordinary skill in the art that an interface device may be configured in a variety of ways 
without departing firom the spirit and scope of the present invention. 

[0040] To ensure packet delivery within a fabric intercomiect, a switch 160 may-be • 
provided. For instance, the switch may operate as a packet-switching element within a 
fabric subnet. Packets may be switched, for example, based on a local identifier (LID) 
within a local route header (LRH) as described previously. A router, which may be 
though of as a superset of a switch, may also be provided to enable packet routing 

between systems. 

[0041] Isochronous communications provide a time reference, but not in the sense of a 
system clock. Phase and frequency may be locked to a time reference of data streams 
passing through a chip. In other words, in an isochronous implementation, it is- tiie 
beginning and end of a transmission of data that is determined. Thus, the time refere 

.  is abstract, and exists outside the clock. 

[0042] Further, an envelope time frame model may be employed, in which only 
endpoints count, and what happens between endpoints of a time frame is irrelevant to the 
actual passing of the data. Such an implementation may be particularly usefiil in internal 
processes within a chip, since time is not always of the essence, but it may be in 
scheduling. Moreover, isochronous communication allows hierarchical design, because 
timing closure for each pair-wise communicating block may be closed separately from 
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the rest of an ASIC, whichmay be thought of asafonp of asynchronousbutsync^^^^^ 

design. 

,0043, in an aspect ofthe present invention, isochronous communication kpacket 
scalable, memory based, may act as a smart switch/router, allows closed timing withn 
their own time domain (i.e. allows hierarchical design), allows for byte alignment, an^ 
thelike. Further,handshakingmaybeperformedtoestablishaconnect.on. 

,0M4, Further, an intercomrec, architecture may be employed utihzing a variety of 
configurations. For example, as shown in HG. IB. a centralized crossbar, or packet 

R switch may be utilized for data transfer. Additionally, a distributed multi-dimensrona^, 
is MESH architecti-re may be employed, an example of which is shown in FIG. IC. Block 
2 . interfaces may be standardized, such as by utilizing advanced, microcontroller us 
f        .   architecture (AMBA).on<hip-bus (OCB), and the like, as well as support M duplex 
i     ■      operations, and the like, and may be specified with aprotocol language. 

Q ,„45, Referring now to FIG. 2. an embodiment 200 ofthe:pres»t invention is sh,wn 
I whereinasingleapplicationspecificintegratedcircuitfASIOwithconfiguredbandwidth 

e between components is employed. An ASIC 202 may be configured for a varrety of. 
tasks, such as providing ftnctionality to a TV,Set-top box 204, Ethernet 206,^d oto 
external device 208 as contemplated by a person of ordinary skill in the art. The ASIC 
.ayinc.udeav^etyofcomponen.s,suchasamicroprocessor210.RAM212,andthe 

like, which communicate at different target bandwidths. 

.■     ,0046, By utihzing the pre^nt invention, a "wrapper-on-chip bus" (OCB) may be 
ptovidedaroundthecomponentstotakeadvant^eofandoptimallyconfrgurebandw^^h 

within the ASIC. For example, bandwidth may be configured when the ASIC 
components, such as cells, blocks and cores, are buUt or instantiated within the ASIC 
may be configured "on-the-fly" in a FPGA or PLD fashion, and the like as contemplated 

11 
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by a person of ordinary skill in the art. In the. illustration shown in FIG. 2, bandwidths 
are shown with varying degrees of lines with arrows, and control lines, such as for in- 
band signaling for control instructions both to and from the microprocessor 210 core, are 
shown with lines without arrowheads. 

[0047] In this way, the present invention may provide a system and software to create a 
routing scheme for an ASIC, which may then be utilized in fabrication. For example, a 
GDSII netlist may be provided for fabrication which may include a "hard" macro, i.e. 
macro cell, which may include a design of a logic fimction for specifying how required 
logic elements are interconnected and specifies the physical pathways and wiring patterns 
between components, as opposed to a "soft" macro, which may a design of a logic 
fimction that specifies how the required logic elements are interconnected, but not the 
physical wiring pattern on the chip. 

[0048] Further, the scheme may provide scalability, such as a speed per link, number of. 
links, and the like. For example, to address clock considerations, such as a lower clock 
speed, 20 links may be provided to achieve the desired bandwidth, for power 
considerations, a higher clock speed and fewer connections may be, utilized. . J 

[0049] Referring now to FIG. 3, an embodiment of the present invention is shown 
wherein an interface is provided suitable for designing an application specific integrated 
circuit. A display, suitable for being output on a display device of an information 
handling system, is shown. The display includes a canvas 302 including a plurality of 
drag and drop cores and fimctional blocks. For example, RAM 304, stream manager 306, 
video out 308, hardware protocol engine 310, and the like are shown as block 
representations on the canvas 302. The representations may be selected fi-om a listing of 
representations in a database, template, and the like.. Thus, a user may select the desired 
components of an ASIC in a user-friendly manner. For example, a "drag-and-drop" 
interface for supplying cores, hierarchal modules and technologies may be implemented. 

12. 
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.005., Nex., co„„.ctivi.y n.y be .ndicated between components, as shown in .he 
e.bod™entdepic.edinFIG.4. Connections, indicated with fte use of at^ws, n,ay be 

.ut,hz^.o.„dica.ein.erc„„nec.sb«weencon,p„„ents. For example, an arrow 3.2 .nay 
be used ,0 .ndicate an in,e„«n„ec.i„n between a RAM functional bloclc 304 and a stream 
n..ager fi„c.io„ bloc. 306. Additional interconnects n«.y aiso be ,pecified by a user 
until all the desired connections have been established. 

1005.1 Then, interconnect performance and other fin,cti„nality may be described as 
shownn,theembodimentdepictedinFIG.5. h tins example, bandwidfl, is specified for 
tite mterconnections indicated m FIG. 4. For instance, a bandwidth of 2 MB/s may be 

efi„edforaninterconnect3l4betweenaprocessor316aodRAM304byauser,suchas 
by selecfng the interconnect 314 and accessing a menu, an input box, and the like 
Ukewse, the user may continue to specify intet^nnect perfonnance between other 

compone„.s, such as RAM 304 and the st^an, manager 306, and the like. Itm^^^ 
des,n.ble toprov-deadefault for performance between unspeciftedinterconnects, such as'-- 
an mterconnect 318 provided between the sheam manager 306 and a hardware protocol 

.engme320^,,d.,3way,adirectcom,ec.ivitydefinitio„forfo^^^^ 
ASIC may be achieved. Itmay also bepreferabletoenable such undefined mterco^^^^ 
to beconfigured automatically, as will be discussed later. ' 

10052, Byu.ilizingti.edirec.com,e«ivitydef.nition,soflwaremayarrangeandoptimize 
mterconnects to provide an optimized ASIC. For example, as shown in! tire embodiment 
dep-ced m FIG. 6, an ASIC design 602 is derived f^om the direct intcrcomiectivity • 
defimfon and functional components as specified by a user as shown in FIGS 4 & S 
Input/outpu, components 322, 324 & 326 are arranged toward fte outer portions of fte 
canvas 602. A switch 328 is provided to enable transfer of data packets between the 
components, such as a fabric mte^onnect as described previously. n,us, RAM 304 
Stieammanager305,processor316,andlikecomponen,smaybeinte.onneoted ' 
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[0053] Further, the position of the components, as well as the interconnections between 
components, may be configured to provide the desired bandwidth as specified by the 
direct connectivity definition, as well as provide desired latency. Moreover, logic, such 
as implemented through an agent, may be employed to arrange components so tiiat 
necessary interconnections are provided, interconnections arranged to minimize 
interference, and the like as contemplated by a person of ordinary skill in the art. 

10054] Logic, which may be implemented as an agent, may also be employed to provide 
a variety of arrangements based on the included components and interconnections. For 
example, an agent may determine that switched modularity may be beneficially 
employed, as shown in the embodiment 700 depicted in FIG. 7, so that logical 
components utilizing the switch 328 may each be arranged as switched modular groups 
702,704, 706,708,710 & 712. 

[0055] Isochronous communication may be utilized for intemal processes within a chip, 
and provides hierarchical design, since timing closure for each pairwise communicating 
block may be closed separately from other components of the ASIC, and the like. The 
interconnect may be memory-bus based, and not "channel" based in contemplated, 
embodiments to provide flexibility. Further, interconnects may be switch-capable, 
utilizing packet-based addressing routes as previously described. 

[0056] Additionally, logical partitioning may be provided, as shown in the embodiment 
800 depicted in FIG. 8, in which a first logical partition 802 and a second logical partition 
804 are provided. Further, physical partitioning may be provided, such that components 
are provided on a first ASIC 902 and a second ASIC 904 with switches 906 & 908 to • 
provide connectivity between the ASICs 902 & 904. 

14 
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[0057] Further, the present invention may be utilized for programming a self- 
programmable device, by utilizing an abstract language that defines interconnections and 
block functional behavior as described previously. F9r instance, communication between 
components, such as cores, blocks, cells and the like as described previously, may be 
described in a hardware description language (HDL) format. A hardware description 
language, such as Verilog and VHDL, may be used to describe functions of an electronic 
circuit for documentation, simulation, logic synthesis, and the like. Thus, components 
may be specified and non-component specific behavior, such as interconnections and 
positioning, may be defined and converted. to a HDL format for loading onto a 
FPGA/PLD/DPLD, SPLD, and the like via an I/O port. In this way, a design process 
may be provided in which a modular design is employed to provide ASIC design, and 
may further utilize a compiler to optimize the resultant code. 

[0058] For example, referring now to FIG. 10, an exemplary method 1000 of the present 
invention is shown wherein a design process is suitable for providing an ASIC and for 
programming a self-programmable device. Components are "dragged-and-dropped" onto 
a canvas firom a template including representations of the desired components 1002,' as 
shown in FIG. 3. Non-core functionality is then defined 1004, such as latency, desired 
positioning of selected components, and the like. Next, interconnects are specified 1006, 
which may include desired bandwidth between components, as shown in FIG. 4. 

(00591 The non-core functionality, specified interconnects, bandwidth, and the like are 
then extracted 1008 to a hardware description language format, which may be formatted 
in C/C-H-, Verilog, VHDL, and the like. The language may then be utilized both to 
simulate and synthesize an ASIC 1010, program a self-programmable device 1012, and 
the like, as contemplated by a person of ordinary skill in the art, without departing fi-om 
the spirit and scope of the present invention. 

15 
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(0060) Referring now to FIG. 11, a system approach employing the present invention is 
shown. The present invention may be incorporated into a system 1100 for employing the 
development process described so as to provide a systematic and efficient chip design. 
The system may include a variety of layers and abstractions for performance of the 
design process. 

[0061] For instance, a canvas with functional blocks may be provided for manipulation 
by a user for selecting components of an ASIC, defining an interconnect definition, and 
arriving at as shown in FIGS. 2 through 5, to perform "silicon synthesis" stage 1102 of 
the development process. Timing constraints 1104, as well as other steps, such as 
employing custom models 1106, hard/soft cores 1108, ePLC models 1110, CuP model 
1112, and the like, are used to perform the "silicon" extraction 1114 step. The extraction 
process 1118 may then be completed through implementing runtime software mstances 
1120 in order to verify the extraction process. 

[0062] The extraction process 1118 is included within an architectural environment 1122 
which provides cores, user functionality,, partitioning, connectivity performance, qiidity 
of service, power programmability, and the like as contemplated by a person of ordinary 
skill in the art. Thus, the architectural environment 1122 may implement the actual, 
architecture design and verification of an ASIC in relation to the desired factors in the 
ASIC design as specified and/or desired by an end user. Additionally, the Architectural 
environment 1122 may be incorporated with a metastream methodology. 

[0063] Further, the process may also provide design optimizations based on cost. For 
example, a user may design an ASIC in which a plurality of functional blocks are 
described. However, it may be more efficient to partition the ASIC into two separate 
packages that are smaller, to enable a smaller dye to be utilized, and thus, more cost 
effective. Other such design optimization may be employed by the present invention, 

16 
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such as through an agent, such as a design compiler, without departing from the spirit and 
scope of the present invention. 

[0064] By providing an abstract language to define chip design and operation, a self- 
programming device concept may be implemented to provide optimization to the chip. 
For example, the language and methodology described above used to describe 
interrelationships of chip components may also be utilized to optimize an integrated 
circuit, and further such optimization may be achieved by the chip itself, such as in a self- 
programming device. 

[0065] One way of achieving optimization may be realized through the use of 
isochronous communication. Isochronous communication, as previously described, may 
enable communication through a defined begin and end of a data stream, a single end of a 
data stream, and the like. Such a form of communication may fiirther enable 
optimization of a chip based on data type. For example, although faster data transmission 
is desirable, certain data types may not lend themselves to such improved transmission, 
such as streaming data for output, like voice, video, and the like. Therefore, transmission 
of data within the chip may be optimized to take into account the various data types by 
implementing routing procedures and interconnects that take into* account desired data 
transmission characteristics. 

[0066] For instance, a start-up cycle may be initiated between two fimctional components 
to begin isochronous communication, and handshaking performed to arrive at a desired 
connection characteristics. Packeted data may then be sent between the components. 
Sending packets does not have to be periodic within the data transfer cycle, because 
through the use of isochronous communication, the data is routed until the end of the data 
transfer cycle is indicated. Thus, optimal routing paths and data transfer methodologies 
may be employed to arrive at an optimum performance level. 

17 
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[0067] Further, transmission may be optimized based on the performance of the included 
components, such as availability of processing cycles, storage reads/writes, and the like 
as contemplated by a person of ordinary skill in the art. For instance, an electronic data 

■ storage device may be able to perform a given amount of writes in a period of time, and 
therefore by scheduling data transmitted to the data storage device based on availability, 
both the storage device and the transfer of the data itself may be optimized. 

[0068] One method of scheduling contemplated by the present invention involves the use 
of the interconnect and/or a processor included within the chip to provide the desired 
performance characteristics. Through the use of the. intercomiect, packets may be 
scheduled based on priority and available resources, such as through the use of functional 
blocks as indicated by the number of packets sent, size of packets sent, and the like - 

[0069] Thus, an agent may be provided for operation in conjunction with the processor to 
schedule transfer of data, For example, attributes as well as data packages may^ be 
implemented through the use of an intelligent switch/router to determine priority of data, 
determine a correct chamiel, such as a channel with low congestion to perform a desired 
function immediately, such as the transfer of streaming data. The agent may describelthe 
desired intercomiections and configuration of the chip and have such infoimation, 
included on the chip. For example, an integrated circuit (IC) of the present invention 
may include RAM including a program of instructions being suitable for describing 
intercomiections, hierarchy of data packets for transfer between components, and, the like. 
The program of instructions may be updated by the agent based on monitored , behavior, 
to achieve self-programmable optimization. 

[0070] In this way, an interconnect of the present invention may be. provided that 
provides close timing between components, independent of other components so as to 
provide any specialized transfer functionality needed, such as timing and the like. - 
Additionally, the intercomiect have the ability to scale, ability to act as a switch baseb and 
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as a packet phase. Further, transfer of data may be achieved similar to a memory base, so 
that data is transferred to a desired space in a memory address. Handshaking may also be 
provided within the interconnect in order to create an optimized transfer contract between 
components. 

[0071] Optimization of the chip may also be based on heuristic knowledge. For example, 
through monitoring and experience in the utilization of chips, knowledge may be derived 
pertaining to how the components interact. Thus, the design may be optimized for this 
interaction. For example, if two functional components were provided, and during 
operation, the bandwidth required between the components was a target amount, that 
amount may be provided in subsequent designs involving those components. Likewise,, 
communication between additional components may be examined and utilized in the 
provision of layout, design and bandwidth provided on a chip. 

[0072] Through the derivation and storage of this experience in a design system of the 
present invention, such as through the use of firm and soft macros, this knowledge may 
be utilized to provide optimized chips in a desired configuration without needless 
duplicative testing and design procedures which were already encountered and addressed 
in previous designs, in essence, the system would not have to "recreate the wh^el" each 
time. 

[0073] Additionally, an agent may be utilized to configure the chip based on heuristics. 
Through the use of the abstraction language in which interconnections and non-fonctional 
component behavior is described between components, the chip itself may achieve 
optimization through the monitoring of on-chip behavior, such as data transfer and the 
like. For instance, previously determined routes and interconnections may be optimized 
by monitoring the past behavior, and then allocating system resources and routing based 
on that behavior, such as an interconnection between components may be monitored in 
which the interconnection does not utilize the total available connection based on the 
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route, but another interconnection does not have sufficient resources. Therefore, the 
interconnections and resource may be optimized so that optimum performance is 
achieved by providing the necessary bandwidth between components. 

[0074] Thus, an interscalable interconnect maybe provided that is scalable and 
isochronous capable. Additionally, an abstract language may be provided to be able to 
describe interconnecting core functions. Further, a self-programmable chip may be 
provided that, upon receiving a. construct, it could program itself to achieve the desired 
functionality, such as through the use of on-chip knowledge and the like. Although a 
discussion of a "chip" was made, multiple chip solutions are specifically contemplated by 
the present invention vwthout departing from the spirit and scope thereof 

[0075] It is believed that the interscalable interconnect of the present invention and many 
of its attendant advantages will be understood by the forgoing description. It is also 
believed that it will be apparent that various changes may be made in the fbrm^ 
construction and arrangement of the components thereof without departing from ;the 
scope and spirit of the invention or without sacrificing all of its material'advantages. iThe 
form herein before described being merely an explanatory embodiment thereof. . It is |the 

.■  •. ■■ i. ■ 
intention of the following claims to encompass and include such changes. - 
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